Although the compound cyclopentadienylvanadium tetracarbonyl 3 has been known for several years, the corresponding niobium and tantalum compounds have under carbon monoxide pressure in the presence of hydridic reducing agents. In two of about ten experi ments orange crystals were isolated in 2 -3% yield. This material after purification by crystallization or sublimation was shown by analyses and infrared spec tra to be cyclopentadienvlniobium tetracarbonyl. (Anal. Calcd. for C»H50 4Nb: C, 40.0; H, 1.8; Nb, 34.4. Found (twro independent preparations) : C, 40.3; 39.9; H, 2.0, 2.1; Nb, 34.8.)
Cyclopentadienylniobium tetracarbonyl is an orange crystalline solid soluble in organic solvents and volatile at 60°/0.1 mm. In contrast to C5H5V(CO) 4 it does not darken on storage in a sealed container. Solutions in organic solvents deposit white insoluble matter making n.m.r. and molecular weight studies difficult. The infra red spectrum shows strong carbonyl bands at 2030, 1945 (sh) , and 1915 cm-1 and is similar to that of the analogous vanadium compound. A satisfactory n.m.r. spectrum could not be obtained despite attempts using solutions in toluene, chloroform, and carbon disulfide. In all three cases a single very broad resonance was observed in the range of 4.9 to 5.7 p.p.m. 6 the exact position depending somewhat on the solvent. This re sonance is in the expected position for cyclopentadienyl protons ^-bonded to a niobium atom, but the reason for its broadness is not understood.
6 Chemical shifts are given in p.p.m. downfield from tetramethvlsilane. In one of the successful preparations of cyclopenta dienylniobium tetracarbonyl, lithium borohydride was used as the reducing agent in the presence of hydrogen as well as carbon monoxide under pressure. Besides cyclopentadienylniobium tetracarbonyl a second pro duct was isolated in even lower yield as a red-violet solid insoluble in pentane but soluble in dichloromethane and benzene. Especially characteristic of this material is the presence of sharp bands at 1900 and 2460 cm-1 in the infrared spectrum. The band at 1900 cm-1 is too weak to be due to the presence of carbonyl groups bonded to niobium. However, these two bands are very similar in position to the Ti-H and B-H bands found in the spectrum of the recently dis covered (C5H5) 2TiBH4 7. Analyses indicate the com pound to be a borohydride derivative of tetravalent niobium of the formula (C5H5) 2 NbClBH4 . (Anal. Calcd. for C10H14BClNb: C, 43.9; H, 5.1; B, 4.0; Cl, 13.0. Found: C, 44.1; H, 4.8; B, 2.6; Cl, 12.1.)
Cyclopentadienylniobium tetracarbonyl is not only of interest as being the first volatile carbonyl derivative of niobium but also may be a useful starting material for syntheses of other interesting organometallic derivatives of niobium. Unfortunately the low and erratic yields obtained in all of the preparations investigated to date have prevented the accumulation of sufficient material for such investigations although it is to be hoped that improved syntheses for this material will be discovered in the future.
